ABSTRACT
INTRODUCTION
Illinois produces approximately 7% of all pigs and approximately 16.5% of the corn in the United States (USDA, 2015) . Much of the corn is used for ethanol production, and the resulting distillers dried grains with solubles (DDGS) is fed to pigs in Illinois, but swine producers in Illinois may also procure DDGS from ethanol plants located close to the state line in the surrounding states. Conventional DDGS contains approximately 27% CP, 10% fat, 9% ADF, and 25% NDF (Stein and Shurson, 2009) , and up to 45% DDGS may be included in diets fed to growing-finishing pigs without major reductions in pig growth performance (Cromwell et al., The Professional Animal Scientist 32 (2016):687-694; http://dx.doi.org/10.15232/pas.2016-01524 C oncentration of digestible and metabolizable energy and digestibility of energy and nutrients by growing pigs in distillers dried grains with solubles produced in and around Illinois 2011). However, different processing technologies of corn grain are used in the industry, which may result in production of DDGS with different concentrations of energy and nutrients (NRC, 2012) . The concentration of DE and ME in conventional sources of DDGS is approximately 3,500 and 3,350 kcal/kg, respectively (Stein and Shurson, 2009) , but it is possible that DE and ME differ among sources of DDGS produced using different processing technologies. In recent years, ethanol plants have extracted oil by centrifugation from solubles or from DDGS by solvent extraction using ethanol or hexane (Jacela et al., 2011; Rosentrater et al., 2012; Kerr et al., 2013) . This type of processing results in reduced ether extract and possibly reduced concentrations of DE and ME (Kerr et al., 2013) . If that is the case, swine producers may purchase DDGS that contains less energy than expected, which may result in inaccuracies in diet formulations. Ultimately, this may also result in poorer performance of pigs fed DDGS-containing diets, which may contribute to a reduced perception among swine producers of the value of DDGS. It was, therefore, the objective of this experiment to determine if the concentrations of DE and ME in DDGS produced in and around Illinois are in agreement with previously obtained values.
MATERIALS AND METHODS

Selection of Distillers Dried Grains with Solubles
Sources of DDGS were procured from 11 ethanol plants in Illinois, 4 ethanol 
Animals, Housing, Experimental Design, and Diets
A total of 24 growing barrows (Genetiporc, Alexandria, MN) with an average initial BW of 28.1 ± 1.8 kg were used in this experiment. Pigs were randomly allotted to 1 of 24 dietary treatments in a 24 × 8 Youden square design with 24 diets and 8 periods. Pigs were placed in metabolism crates that were equipped with a feeder and a nipple drinker, slatted floors, a screen floor, and a urine tray. The crates allow for total, but separate, collection of urine and feces from each individual pig.
A total of 24 diets were formulated, and the basal diet was based on corn, minerals, and vitamins (Tables 1 and  2 ). Twenty-three additional diets were formulated by mixing corn and 40% of each source of DDGS. Vitamins and minerals were included in all diets to meet current requirements (NRC, 2012 ). An AA supplement was also formulated to contain 76, 16, and 8% of Lys, Thr, and Trp, respectively.
Feeding and Sample Collection
Diets were provided daily in 2 equal meals in the amount of approximately 90% of ad libitum intake (i.e., 197 kcal ME per kg 0.60 ; NRC, 2012). Pigs were allowed ad libitum access to water throughout the experiment. The initial 7 d were considered an adaptation period to the diet. The AA supplement was provided during the adaptation period at 25 g/d and fed in 2 equal portions that were mixed into the meal of each pig. Following the adaptation period, urine and feces were collected during the following 5 d according to standard procedures using the marker-to-marker approach (Adeola, 2001) . Urine was collected once daily in urine buckets over a preservative of 50 mL of 3 N HCl, the weights of the collected urine were recorded, and 20% of the collected urine was stored at −20°C. Fecal samples were collected twice daily and stored at −20°C. At the conclusion of the experiment, urine samples were thawed and mixed within animal and diet, and subsamples were collected for analysis. Fecal samples were also thawed and mixed within animal and diet, weighed, mixed with water to create a homogenous slurry, weighed again, and subsampled. Each subsample was weighed and used for analysis.
Chemical Analysis
Fecal subsamples were dried in a forced-air oven and finely ground before analysis. Samples of all ingredients, diets, and feces were analyzed for DM and ash by oven drying at 135°C for 2 h (method 930.15; AOAC International, 2007) and dry ash at 600°C for 2 h and 45 min (method 942.05; AOAC International, 2007) , respectively. Concentrations of CP were analyzed in samples of ingredients, diets, feces, and urine using a combustion procedure (method 990.03; AOAC International, 2007) on an Elementar Rapid N-cube protein/nitrogen apparatus (Elementar Americas Inc., Mt. Laurel, NJ). Aspartic acid was used as a calibration standard, and CP was calculated as N × 6.25. Ingredients, diets, feces, and urine were also analyzed for GE by peribolic bomb calorimetry (Model 6300, Parr Instruments, Moline, IL). Benzoic acid was used as the standard for calibration. Urine samples were prepared for GE analysis as previously outlined (Kim et al., 2009 Holst (1973) , respectively. The bulk density (Cromwell et al., 2000) and particle size (ASABE, 2008) of corn and each source of DDGS were determined.
Calculations and Data Analysis
Hemicellulose and cellulose were calculated using published equations (NRC, 2012). The apparent total-tract digestibility (ATTD) of energy, N, DM, and OM, and the concentration of DE and ME in each diet were calculated (Adeola, 2001) . The concentrations of DE and ME in the corn diet were then divided by the inclusion rate of corn in that diet to calculate the concentration of DE and ME in corn. These values were used to calculate the contribution of corn to the corn-DDGS diets, and the digestibility of energy and nutrients and the concentration of DE and ME in each source of DDGS were calculated by difference (Adeola, 2001) . These procedures were also used to determine N balance for each diet and ingredient.
Following the analysis for AEE, the 23 sources were categorized according to the NRC (2012) as "conventional DDGS," containing more than 10% AEE, or "low-oil DDGS," containing between 5 and 10% AEE.
Data were analyzed using the MIXED procedure in SAS (SAS Institute Inc., Cary, NC). The source of DDGS was the experimental unit for analyses comparing the concentrations of GE, DM, and nutrients between conventional DDGS and lowoil DDGS, and the model to analyze nutrient composition included the category of DDGS as the fixed effect and source of DDGS as the random effect. Pig was the experimental unit for all other analyses, with the model including diet as fixed effect and period as random effect. Outliers were tested using the UNIVARIATE procedure. One outlier was removed in calculations of ME and N retention, and one outlier was removed for calculation of ATTD of N. The LSMeans procedure of SAS was used to calculate the least squares means. If differences were detected, the PDIFF option with the Tukey's adjustment was used to separate the means. An α level of 0.05 was used to assess significance among means, and a P-value between 0.05 and 0.10 was considered a trend.
RESULTS AND DISCUSSION
Composition of DDGS
Conventional DDGS contains >10% fat (Stein and Shurson, 2009; NRC, 2012) ; however, in the past few years, ethanol producers have been centrifuging solubles to extract oil to sell to the biodiesel industry (Winkler-Moser and Breyer, 2011; Kerr et al., 2013) . The resulting DDGS typically contains between 5 and 10% AEE and is categorized as low-oil DDGS (NRC, 2012) . According to this definition, 3 of the sources of DDGS used in this experiment were categorized as conventional DDGS, whereas the remaining 20 sources were low-oil DDGS. This observation indicates that oil was extracted from the solubles in the production of most of the sources of DDGS that were used. Distillers dried grains with solubles is used in swine diets because of a relatively high concentration of AA and energy (Stein and Shurson, 2009) . When DDGS undergoes the drying process, the high temperature and concentration of moisture makes DDGS susceptible to the Maillard reactions, which can lead to reduced AA concentration and digestibility. Especially, Lys concentration and digestibility may be reduced as a result of the Maillard reaction (Pahm et al., 2008; Almeida et al., 2013) . It is recommended that DDGS be used in swine diets only if the Lys:CP ratio is greater than 2.80% (Stein, 2007 ) because a Lys:CP ratio less than 2.80% indicates that the DDGS has been heat damaged. The average Lys:CP ratio was 3.19% in conventional DDGS used in this experiment and 3.22% in low-oil DDGS, with the least value being 2.87%. These values indicate that all sources of DDGS used in this experiment were not heat damaged.
The concentration of DM was greater (P < 0.05) in conventional DDGS than in low-oil DDGS (92.05 vs. 90.10%), but no differences in ash and CP were observed between the 2 categories of DDGS (Table 3) . Concentrations of CP in both categories of DDGS were within the range of published values (Pedersen et al., 2007; Jacela et al., 2011; NRC, 2012) , but the average concentration of ash in low-oil DDGS was greater than reported values (Jacela et al., 2011; Kim et al., 2012a; NRC, 2012) . As expected, the concentration of AEE in conventional DDGS (10.49%) was greater (P < 0.05) than in low-oil DDGS (7.54%), and GE also was greater (P < 0.05) in conventional DDGS than in low-oil DDGS (4,781 vs. 4,522 kcal/kg). In contrast, bulk density and particle size were not different between the 2 categories of DDGS. Anderson et al. (2012) and Kerr et al. (2013) reported that there is a wide range in DDGS bulk density and particle size, which is consistent with observations in this experiment, but the average bulk density and particle size for both categories of DDGS were close to expected values.
There were no differences in concentrations of any AA between conventional DDGS and low-oil DDGS (Table 4) , and the values obtained in this experiment are within the range of values previously published (Stein and Shurson, 2009; NRC, 2012) . There were also no differences between conventional and low-oil DDGS in concentration of ADF, NDF, lignin, hemicellulose, and cellulose (Table  5) . However, conventional DDGS contained more (P < 0.05) starch (3.19%) than low-oil DDGS (1.05%), but both values are less than published values for starch in DDGS (Stein et al., 2006; Pedersen et al., 2007; Gutierrez et al., 2014) , which indicates that there is variability in the efficiency of starch fermentation among ethanol plants. However, it appears that most ethanol plants, and specifically those that have installed oil skimming equipment, are very efficient in converting starch to ethanol, and the residual starch left in DDGS is less than that observed in DDGS that was produced around 10 yr ago. The average GE in the 3 sources of conventional DDGS was close to published values, but the average GE in the low-oil DDGS was less than published data (Pedersen et al., 2007; Kim et al., 2012a; NRC, 2012) . The reason for the reduced GE in the low-oil DDGS may be that sources of DDGS in this category had not only a low amount of AEE but also a very low concentration of starch.
The concentration of Cu was greater (P < 0.05) in conventional DDGS than in low-oil DDGS, whereas the concentration of Na was greater (P < 0.05) in low-oil DDGS than in conventional DDGS (Table 6 ). There was also a trend (P = 0.068) for a greater concentration of K in low-oil DDGS than in conventional DDGS, but for all other minerals, no difference between conventional DDGS and low-oil DDGS was observed. However, concentrations of Ca, Na, Mg, and Mn in both categories of DDGS were less than values reported by the NRC (2012), but concentrations of P, K, S, Zn, Se, and Cu were greater than reported values (NRC, 2012) . The concentration of S in all sources of DDGS ranged from 0.37 to 1.20% (data not shown), which is in agreement with reported data (Kerr et al., 2008; Kim et al., 2012b) , and indicates that some ethanol plants may use sulfuric acid to control the fermentation process, whereas other plants do not use sulfuric acid and therefore produce DDGS containing less S. The nutrient composition of corn was in agreement with the values reported by the NRC (2012), except for the concentrations of ADF, lignin, starch, and Cu, which were all greater than values reported by NRC (2012).
Regardless of the category of DDGS, the sum of the analyzed concentrations of CP, AEE, ash, starch, and NDF added to between 85 and 90% of the DM, which is in agreement with most previous analyses of the composition of DDGS (Stein and Shurson, 2009; NRC, 2012) . This observation indicates that as is the case for many coproducts, a proportion of the DDGS cannot be accounted for by traditional proximate analyses. As a consequence, and assuming that the unaccounted part of the ingredient contributes DE and ME to DDGS, it may not always be accurate to estimate DE and ME in DDGS from proximate components as has sometimes been attempted (Pedersen et al., 2007; Anderson et al., 2012) . Regression equations to estimate DE and ME from analyzed composition were, therefore, not developed from the data obtained in this experiment.
Digestibility of Nutrients and Concentration of DE and ME
The DE and ME and the ATTD of DM were greater (P < 0.05) in diets containing conventional DDGS than in diets containing low-oil DDGS (Table 7) . However, the amount of N absorbed per day and the ATTD of N were greater (P < 0.05) in diets containing low-oil DDGS than in diets containing conventional DDGS, and there were tendencies for N intake (g/d) and N retention (%) to be greater in diets containing lowoil DDGS than in diets containing conventional DDGS (P = 0.057 and 0.090, respectively). In contrast, there was a tendency (P = 0.051) for the ATTD of OM to be greater in diets containing conventional DDGS than in diets containing low-oil DDGS.
The DE and ME (as-fed basis) and the DE (DM basis) were greater (P < 0.05) in conventional DDGS than in low-oil DDGS, and there was a tendency (P = 0.066) for the ME in conventional DDGS to be greater than in low-oil DDGS (Table 8 ). In contrast, N absorbed and ATTD of N were greater (P < 0.05) in low-oil DDGS than in conventional DDGS, and N intake (g/d) tended (P = 0.057) to be greater in low-oil DDGS than in conventional DDGS.
The DE and ME of corn were 3,842 and 3,673 of kcal/kg of DM, which is in agreement with published values (NRC, 2012) but is slightly less than values reported by Pedersen et al. (2007). However, the corn used in this present experiment contained more ADF and lignin than in previous experiments and had a particle size of 885 μm, which results in lower values for DE and ME than if the particle size were less (Wondra et al., 1995; Rojas and Stein, 2015) . The DE and ME in the corn used in this experiment are also greater than the values reported by Liu et al. (2012) , who also used corn with a particle size above 800 μm. The ATTD of GE in corn was slightly less than reported values (Pedersen et al., 2007; Kerr et al., 2013) , which may be a consequence of the particle size in corn used in this experiment being greater than for corn used in previous experiments. The ATTD of N in corn was slightly less than reported values (Pedersen et al., 2007; Liu et al., 2012; Kerr et al., 2013) . The average DE and ME in conventional DDGS were close to expected values (NRC, 2012) , but values for low-oil DDGS were less than values reported by Pedersen et al. (2007) , Anderson et al. (2012), and Liu et al. (2012) . However, the DE in low-oil DDGS was in agreement with values reported by Kerr et al. (2013) , and the DE and ME calculated for low-oil DDGS in this experiment were greater than values for DE and ME in deoiled DDGS (Jacela et al., 2011) . These observations are likely a result of the differences in AEE among conventional, low-oil, and deoiled DDGS.
For every 25-μm decrease in the particle size of DDGS, ME is increased by 13.46 kcal/kg of DM (Liu et al., 2012) . The variability in DDGS particle size that was observed in this experiment may, therefore, have contributed to the variability in ME both in conventional DDGS and low-oil DDGS. The average ATTD of GE (68.8% in conventional DDGS and 70.1% in low-oil DDGS) was in agreement with the range of ATTD of GE in DDGS reported by Stein et al. (2006) but less than the range of ATTD of GE reported by Kerr et al. (2013) and . The N retained in pigs fed corn was slightly greater than the value reported by Pedersen et al. (2007) ; however, the concentration of CP in corn used in this experiment was greater than the CP in corn used by Pedersen et al. (2007) , which may account for this difference. The N retained from pigs fed DDGS was in agreement with reported values (Pedersen et al., 2007) . The average ATTD of N (79.4 and 81.5% in conventional and low-oil DDGS, respectively) was in agreement with published values (Pedersen et al., 2007; Liu et al., 2012; Kerr et al., 2013) . 
IMPLICATIONS
The DDGS procured from ethanol plants in Illinois and surrounding states varied in nutrient composition, nutrient digestibility, and DE and ME concentration. The variability may have been caused by the amount of solubles added to wet grains before drying or the centrifugation of solubles for oil extraction.
Producers in and around Illinois should be aware of the composition of the DDGS they purchase because this may influence the nutritional value of the ingredient. Indeed, the DE and ME in conventional DDGS that contains more than 10% AEE is greater than in low-oil DDGS, which contains between 5 and 10% AEE. However, it appears that DDGS produced within the last few years, regardless of the concentration of AEE, contains more Lys and is less likely to be heat damaged than DDGS produced around 10 yr ago.
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